Constructing a proper reservoir model is important to predict stored CO 2 behavior in CCS projects. In the case of the petroleum reservoir development, global optimization of geological parameters by minimizing errors between the observation and simulation data, namely history matching is done. History matching automated using some global optimization algorithm is called assisted history matching and applied for oil and gas reservoir development in these days. However, as there are many uncertain parameters in CO 2 geological storage, the dimension and difficulty of optimization problem generally increase.
Abstract

Background
Constructing a proper reservoir model is important to predict stored CO 2 behavior in CCS projects. In the case of the petroleum reservoir development, global optimization of geological parameters by minimizing errors between the observation and simulation data, namely history matching is done. History matching automated using some global optimization algorithm is called assisted history matching and applied for oil and gas reservoir development in these days. However, as there are many uncertain parameters in CO 2 geological storage, the dimension and difficulty of optimization problem generally increase.
Objective
In this research, assisted history matching of Iwanohara demonstration project, which is first pilotscale test of CO 2 geological storage in Japan was conducted. About one tonnes of CO 2 was injected into a saline aquifer by one vertical well (IW-1) and observed by three vertical wells (OB-2, OB-3 and OB-4) in the Iwanohara project. Bottom-hole pressure and CO 2 saturation are being measured continuously. It is revealed that CO 2 was already reached at OB-2 and OB-4 from the measurement. As it is difficult to construct reservoir model corresponding to all of measured data as described above by manual history matching, we developed the suitable optimization method for assisted reservoir history matching and verified it by history matching of Iwanohara demonstration project.
Method
Time lapse bottom-hole pressure data at IW-1 and OB-4, CO 2 arrival timing at OB-2 and OB-4 and CO 2 saturation at OB-3, which is always zero, were selected as objective function components. The summation of their errors between the observed and calculated data was minimized to optimize primary variables: porosity, permeability and pore compressibility of the reservoir consisted by sandstone and mudstone. To decrease the dimension and calculation time of history matching, these distributions were expressed by superposition of Walsh functions. We used Iterative latin hypercube sampling (ILHS) as optimization method. It is based on one of the experimental design method, latin hypercube sampling and perform well with less time and input parameters comparing to other optimization methods widely used on global optimization problems. Additionally, we can judge the convergence of the primary variable on an optimal solution by calculating the normalized entropy value of sampling areas changed with optimization steps of ILHS. To simulate migration of stored CO 2 and calculate the objective function, TOUGH2/ECO2N which is multi-component and multi-phase flow simulator in porous media was used. Reservoir simulation generally needs a long time to calculate flow of stored CO 2 and it leads insufficient frequency of function evaluations. To deal with this problem, algorithm of ILHS and TOUGH2/ECO2N were parallelized and partially modified to use Graphic Processing Unit (GPU).
Result
First, we optimized permeability distribution and pore compressibility as primary variables excluding porosity distribution which was measured by the seismic exploration and fixed. Average values of permeability of each layers attained by core flood experiments were also fixed. The number of the sampling points of ILHS was equal to the problem dimension and the iteration count was up to 300. Most parameters converged within maximum iteration counts. The simulation data was partially agreed with the observed data, especially bottom-hole pressure at IW-1 and arrival timing at OB-4. But misfits of bottom-hole pressure at OB-4 and arrival timing at OB-2 were large and not improved although the number of function evaluations was increased. Second, porosity distribution was added as a primary variable to the previous case. Only average values of permeability and porosity were known before optimization in this case. After optimization, both bottom-hole pressure and CO 2 arrival timing in simulation agreed well with those in observation. Comparing to previous case, porosity strongly affects CO 2 migration.
Conclusion
Assisted history matching of Iwanohara demonstration project using accelerated ILHS and TOUGH2/ECO2N was done. From the results of history matching, we can conclude not only permeability but also porosity are important parameter to predict stored CO 2 flow. Both of them should be taken into account in history matching. Optimized solution provided better agreement with observed data. Proposed method allowed us to optimize the reservoir model in CO 2 geological storage with limited calculation resources.
